Background: Current studies on electronic cigarettes (ECs) have assessed the smoking cessation effectiveness and safety of EC among sole EC users. However, in Malaysia and elsewhere, most EC users also smoke conventional cigarettes (CCs). We aimed to investigate nicotine cessation for both ECs and CCs. Additionally, safety issues among sole EC and dual (EC and CC) users over a six-month period were reported. Methods: We observed 218 sole Malaysian EC and dual users over 6 months from June 2015 to November 2015. Both groups underwent exhaled breath carbon monoxide and saliva cotinine analyses to verify their nicotine cessation from both EC and CC use. Adverse events and withdrawal symptoms were assessed based on self-reports. Results: Only 3.3% of observed users quit both ECs and CCs, whereas 20.5% quit smoking CCs. Quitting ECs and CCs was significantly higher among sole EC users (5 vs 2, respectively; OR: 5.62; P = 0.036) than it was among dual users, a result that was similar for CCs smoking (29 vs. 15; OR: 6.33; P ≤ 0.001). No severe health issues were reported over the entire study period. Conclusion: The rates of quitting CCs and ECs were higher in sole EC users than those in dual users. No serious health effects were reported over 6 months in either group. ECs may serve as a smoking cessation aid in Malaysia, but appropriate regulations are necessary to encourage sole EC use to ensure product quality. Large randomised clinical trials (RCTs) with a longer follow-up are required to better measure the effectiveness and safety of ECs use alone and in combination with CCs.
Background
Consumer interest and the use of electronic cigarettes (ECs) as a substitute for smoking have intensified exponentially in the past few years. The popularity of ECs is increasing both globally and in Malaysia [1, 2] . ECs are battery-powered devices that enable the vaporisation of a solution containing propylene glycol, glycerol, and some flavouring agents, with or without nicotine. There is significant progress in the technology of EC devices. Currently, ECs are categorised generation wise.
First-generation ECs are identical to conventional cigarettes (CCs) and are called cigalikes. Second-generation ECs are comparable to fountain pens and are named vape pens, and third-generation ECs are termed advanced personal vaporisers (APVs) or mods [2, 3] . In Malaysia, most vapers use third-generation ECs [4] . ECs do not contain tobacco leaves. Therefore, the vapours produced from them are free from carbon monoxide and tars.
Many individuals who use ECs (also referred to as vapers) believe that using ECs is safer than smoking CCs. Therefore, vapers consider that ECs can be used as a simply harmless approach to quit smoking [5] [6] [7] . Currently, high-quality randomised clinical trials are still limited to determine the exact role of ECs in smoking cessation [8] [9] [10] . The Cochrane database and some meta-analyses have revealed that, under the GRADE system, the overall quality of evidence is low due to the small number of trials [11] [12] [13] [14] . Presently, the implementation of EC randomised clinical trials (RCTs) is challenging due to the paucity of safety data and difficulty in obtaining ethical approval. Additionally, EC technology is continuously upgrading, and many new EC devices are entering the market. Therefore, it may be possible that the EC product used in the RCTs may no longer be available by the time the study results are released. By contrast, it may be possible that the new EC devices may offer better assistance in managing adverse effects and smoking-related withdrawal symptoms than do the products used in RCTs [15] . Moreover, the RCTs are generally performed under controlled environments that may not be generalisable to real-world situations. Consequently, in realistic situations, elements such as appeal, accessibility, price and vaping community norms are essential dictators of EC use. Until RCTs are available, prospective observational studies are pertinent to gathering information about EC effectiveness and its hidden safety issues in human beings. Presently, regulatory authorities are not in favour of EC use due to the lack of extended-period studies [16] . Furthermore, the regulatory authorities fear that EC use may reduce a smoker's motivation to quit smoking and renormalise smoking in ex-smokers. Additionally, some previous studies have shown that ECs may increase the risk of nicotine addiction in adolescents and women due to the appeal of various available flavours [17] [18] [19] . Presently, in Malaysia, ECs are not banned per se but are regulated with only nicotine-free e-liquids permitted to be sold by vendors. However, as per the Poisons Act 1952, nicotine in e-liquids must be sold by licensed personnel, including pharmacists and physicians [20] . The recent Malaysian National E-cig Survey (NECS, 2016) reported that the prevalence of EC users among Malaysians aged 18 years and above was 3.2%. The incidence of urban users was 3.3% and that of rural users was 2.9%. However, the incidence of dual users was 2.3%, comprising 2.5% urban and 1.8% rural [4] .
Currently, studies are required to examine the long-term safety and effectiveness of EC in a naturalistic setting among sole EC and dual users (EC and CC use). Because both sole EC and dual users represent the real-world population of the vaper community, most vapers use ECs with CCs [4] . However, studies are required to reveal whether the combined use of ECs along with CCs is more likely to lead to smoking termination or upsurge the nicotine addiction. Additionally, studies are required to explore the dual use of ECs that reinforces both behaviours among vapers. In our previously published study, a higher number of sole EC users quit CCs than that of dual users. However, the study did not report a single nicotine-free participant in either group [21] . Tobacco control authorities have recommended that smoking cessation studies should not only aim to promote CC quitting but abstinence from nicotine use should be the crucial goal [15] . Thus, the primary aim of this study was to evaluate complete cessation from both ECs and CCs. The safety issues among the sole EC and dual users over a six-month period were also measured. The data were collected from sole EC and dual users in two Malaysian districts, Kuantan and Pekan, between March 2015 and November 2015.
Methods

Study design
A one-month observational study among Malaysian EC users was previously conducted [21] . The current study extended this earlier work and explored the long-term safety and effectiveness of ECs in the same cohort for up to 6 months. Therefore, this 24-week observational study consisted of three visits-at baseline and two follow-up sessions at weeks 4 and 24, respectively.
Inclusion and exclusion criteria
The inclusion criteria were existing sole EC and dual users using ECs for at least 1 month before enrolment in the study, age > 18-65 years with good self-reported health, and agreement to sign the consent form and follow the study procedures. Exclusion criteria included the use of any smoking cessation medicines-e.g., nicotine replacement therapy (NRT) or varenicline-currently or within the last year. Subjects who were dependent on any illegal drugs were also excluded.
Study questionnaire
A pre-validated interview-administered English questionnaire was used for the data collection. The survey was developed and piloted on Malaysian populations as described previously [21] . The survey consisted of questions regarding the demographic characteristics of participants, queries, and measurements related to the evaluation of the effectiveness and safety of ECs. In this study, two improvised validated scales were applied the EC modified Fagerstrom Test for Nicotine Dependence (EC-MFTND) and EC modified Glover-Nilsson Vaping Behavioural Questionnaire (EC-MGNVBQ). The newly developed scales assessed and identified the physical and behavioural dependence to nicotine administered via ECs [21] .
Sample size
To detect a 10% smoking cessation rate with 80% power in the whole study population, a sample of 200 subjects was required [22, 23] . A 10% quit rate chosen in some earlier RCTs on EC revealed comparable abstinence rates among their study populations [8, 9] .
Recruitment of participants and settings
The study subjects were enrolled from the semi-urban districts of Kuantan and Pekan, in the state of Pahang, Malaysia. As per the National Health and Morbidity Survey (NHMS) 2015, the smoking prevalence in the state of Pahang was 25.5%, which was higher than the national smoking prevalence rate of 22.8% [24] . These two locations were chosen due to the feasibility of the research sites concerning time, funding constraints and balance regarding the accessibility of EC users. We informed the applicants that there would be no monetary compensation for enrolment in the research, but reimbursement could be provided for food and transport expenses. More than 90% of the subjects could understand and speak English. However, a few subjects used a professional translator who was equally proficient in both languages. The same professional translator was used in all the visits to avoid any prejudice and inconsistencies related to documentation. Figure 1 shows the process involved in the recruitment of subjects.
Data collection
At baseline, the participants were categorised into two arms-sole EC users and dual users-based on the smoking status. The sole EC users used only ECs and had a carbon monoxide (CO) level ≤ 7 ppm (ppm). However, dual users used both ECs and CCs and had a CO value ≥8 ppm. At the baseline and follow-up appointments, both groups were verified by the exhaled breath CO level. At week 24, in addition to CO testing, the saliva cotinine level was measured to check the nicotinefree status. Users in both groups were interviewed further to collect information regarding the adverse effects, any smoking-related illnesses and withdrawal symptoms that could appear due to EC use. The participants were questioned individually for approximately 25-30 min to maintain confidentiality and to ensure that their answers were not being disclosed to other participants.
Data analysis
Categorical variables were summarised as frequencies and percentages, whereas continuous variables were calculated as medians because medians are less sensitive to extreme values. Statistical analysis was performed based on the intention to treat (ITT). Chi-squared test applied categorical variables, whereas independent t-tests were used to compare the mean differences between the groups. The Mann-Whitney U test was used to analyse the nonparametric data between the group users. However, the Wilcoxon signed-rank test was applied within the same group. Statistical methods were two-tailed, and a p-value less than 0.05 was considered significant. The analyses were performed using the Statistical Package for Social Sciences (IBM®, SPSS® Inc., Chicago, IL) for Windows version 21.
Results
Two hundred eighteen participants enrolled in the study. One hundred forty-eight (148) were recognised as dual users, while 70 were sole EC users. However, 215 subjects were considered for the intention to treat (ITT) analysis because three subjects withdrew during the study period-two dual users and one sole EC user.
Baseline characteristic of the participants
No significant difference was found in the demographics of both groups as outlined in Table 1 . Almost 95% of the participants in both groups had not attempted any previous therapy to stop smoking. However, less than 5% of participants had used nicotine replacement therapy more than 1 year ago, and the median age of the onset of smoking in both groups was 15 years (P = 0.125). The median CCs use pack per year was 7 among dual users compared with 5 in sole EC users. However, this difference was not significant (P = 0.114). The median duration of EC use among single EC users was 8 months compared with 4 months for dual users, and the difference was significant (P < 0.001). However, at baseline, the comparison between both groups for physical and behavioural dependence to ECs by EC-MFTND and EC-MGNVBQ scales revealed no significant difference. More than 98% of the participants used EC daily, and only 1.4% used them occasionally (P = 1.000). More than 95% in both groups reported the use of third-generation EC models (Mods), and the remaining less than 5% reported using second-generation EC vape pens. The difference was insignificant. All participants reported using nicotine EC at concentrations ranging from 6 to 18 mg/ml. Table 2 displays the effectiveness of ECs between the groups. The median intake of CCs in both groups before EC use was 20 CCs per day. Among 148 dual users after the six-month follow-up, 105 (71.91%) remained dual users, 24 (16.43%) relapsed to smoking, 15 (10.3%) shifted to become sole EC users, two (1.4%) reported to quit both ECs and CCs, and 2 withdrew from the study. However, among the 70 sole EC users, 29 (42%) continued to be sole EC users, 9 (13.04%) completely relapsed to smoking, 26 (37.68%) shifted to becoming dual users, 5 (7.2%) totally quit both EC and CC use, and one withdrew from the study (Fig. 2) . There was no significant reduction in the CC consumption rate for the dual users at baseline and at week 24 (P = 0.087). However, among the sole EC users, who relapsed to smoking, their CC consumption per day remained lower than that of dual users (P < 0.001).
Evaluation of EC effectiveness
The CO median levels for dual users during the entire study period were significantly higher than that of sole EC users (P < 0.001). The median CO levels of only EC users at baseline were lower than those of dual usersi.e., 3 vs. 8 ppm-and it was statistically significant. According to PiCO+ smokerlyzer® manual issue 2, 2012 (Bedfont Scientific Limited Maidstone, UK), a nonsmoker value is between 0 and 6 ppm [25] . However, in the current study, a cut-off value of 7 ppm was applied because all sole EC users showed exhaled CO values between 3 and 7 ppm. Additionally, a 7-ppm cut off value was specified to differentiate EC users from CC users in previous studies [9, 26] . Again, at week 24, the sole EC users had lower levels of CO than did the dual usersi.e., 3 vs. 8 ppm, respectively-and the difference was significant (P < 0.05). The subjects were considered completely nicotine free when they quit both EC and CC use and showed CO levels ≤7 ppm and a zero level on the saliva NicAlert® scale [27] . A participant with a CO level ≤ 7 ppm but a saliva cotinine level ≥ 1 was considered only a CC quitter. Because quitters of both ECs and CCs should show a zero value on NicAlert® scale-i.e., ≤ 10 ng/ml-the six-month follow-up revealed that 20.5% (44 of 215, ITT analysis) of users in both groups abstained from CCs. However, only 3.3% (7 of 215, ITT) quit both ECs and CCs use. Sole EC users showed a higher abstinence rate for CCs (29 vs. 15; OR: 6.33; P ≤ 0.001) and for combined ECs and CCs (5 vs. 2; OR: 5.62; P < 0.036) than that for dual users, and the difference was statistically significant. The overall smoking status of users in both groups at the baseline and week 24 is displayed in Fig. 2 .
Measures of EC safety
Measure of EC adverse effects
Dry mouth was reported by more than 50% of all participants and was reported to be the strongest adverse effect Fig. 1 Flow chart displaying recruitment and follow up of e-cigarettes users in our study. The other statistically non-significant adverse effects reported by users in both groups during the six-month period are shown in Table 3 . The significant adverse effects reported by the dual users were cough and breathing problems at baseline and week 24 (P < 0.05) compared with the sole EC users. Interestingly, some cases of vomiting and fever were reported in sole EC users during the baseline visits but not at week 24. Two instances of gingivitis in sole EC users were also documented. Overall, dual users experienced more adverse effects than did sole EC users during the entire study period. Additionally, the safety of EC was observed for diseases related to smoking between users in both groups. Illnesses such as chronic obstructive pulmonary disease (COPD), asthma, heart diseases, stroke, hypertension, diabetes, thyroid disease, cataracts and other serious conditions were also observed. One case of COPD was documented in the dual user group, whereas no such cases were reported in sole EC users during the entire study period.
Measure of EC withdrawal symptoms
The most commonly observed withdrawal symptom was the craving for smoking. The urge to smoke was reported more often by dual users than by sole EC users at the baseline visit (P < 0.001) but not at week 24 (P = 0.093). By contrast, a high appetite was reported more in the sole EC users than that in the dual users at the baseline visit but not at the 6-month follow-up (baseline P = 0.038; week 24 P = 0.773). Other non-significant withdrawal symptoms documented in both groups included depression, difficulty concentrating, bad temper, sleeplessness, sleepiness, frustration, anger and awakening at night (for all P > 0.05). A long interval in the disappearance of withdrawal symptoms was documented in the dual users compared with that in sole EC users during the entire study period.
Discussion
The current study is the first long-term observational study to examine the effectiveness of ECs in assisting with smoking cessation in Malaysian populations. A six-month follow-up study revealed that nearly a quarter of the total study participants abstained from CCs smoking. However, the smoking quit rate was noticeably higher among sole EC users than that among dual users. Previous studies have suggested that ECs helped many tobacco users to quit smoking, or at least its use lowered the consumption of CCs [5, 6] . The smoking cessation rate recorded in the current research was higher than that in previous clinical trials [9, 10] . The cause might be that, in this type of observational study, the participants who perceived positive effects from ECs were more highly motivated to enrol in the study than those who encountered unwanted effects from vaping. Therefore, the results should be interpreted with caution when comparing with other population studies. The varying results might also be due to the utilisation of 
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Odd ratio (OR), 95% confidence interval (95% CI) CCs conventional cigarettes, CO carbon monoxide Non-parametric data were expressed as medians, and p values were calculated by the Mann-Whitney U test between both groups Gum bleeding Independent t-test was applied to compare the mean differences between the groups diverse ECs generations models and puffing topography among the study participants. Earlier studies have reported that newer ECs models and different puffing topographies among the participants affect vaper fulfilment towards craving for CCs smoking [28, 29] . Nevertheless, the effectiveness of these devices in assisting in smoking cessation is necessary along with ECs topography studies among the diverse ECs user populations. Additionally, advance research is necessary to ascertain the effectiveness of ECs with or without nicotine among current vapers, and regulatory laws must be applied regarding the sale of nicotine ECs to avoid misuse among non-smokers and adolescents.
The current study revealed 20% CCs abstinence but reported a low rate (3.3%) of combined ECs and CCs cessation among both groups after a six-month period. It is pertinent that using ECs even for longer period did not lower the rates of nicotine addiction, suggesting that most users simply used ECs as an alternative device for the intake of nicotine and further supported by the use of nicotine ECs by nearly all the study participants. Therefore, it is evident that nicotine plays a vital role in the success of ECs as a smoking aid, a finding that was also demonstrated in previous studies [30] [31] [32] . The possibility cannot be ruled out that EC use required more time to be free from nicotine addiction than that of therapies already approved by the Food and Drug Administration (FDA) for tobacco cessation. Currently, it is debatable for the researchers regarding the status of nicotine ECs as a smoking cessation aid compared with other conventional therapies [14] . The preceding mentioned issues point towards a confounding appearance of ECs in smoking cessation control. It is possible that vaping may uphold nicotine addiction, could renormalise smoking habits and may disturb a smoker's passion for quitting smoking. The study showed no difference in the intake of CCs at the baseline and at the final visit among dual users; therefore, this labels that the addition of ECs to current smoking did not encourage a reduction of CCs smoking. Previous studies also reported that sole regular use of ECs leads to a significantly higher quit rate than that for dual use [33, 34] .
The strongest adverse effect experienced in both the groups was dry mouth, followed by sore throat, anxiety, nausea and stomach disturbances. However, the highest noticeable withdrawal symptom was craving for smoking, reported more by dual users than it was by sole EC users. The side effects reported here are consistent with those found in other studies [5, 6, 8] . Moreover, one incident of COPD was documented in a dual user. No such cases were reported in sole EC users during the entire study period. Regarding smoking history data, the subject diagnosed with COPD was a heavy smoker in the past, and his CC pack/year was 24. Therefore, the incident of COPD was more likely related to his extensive smoking history. However, currently, there is confusion among consumers, health professionals and researchers about the safety of ECs. Existing available studies reveal the level of risk from ECs is lower than that of CCs. However, with the available data, it is not possible to compute extended health hazards of ECs with those of CCs. Therefore, long-term studies are urgently required to explore the harmful effects of compounds that are released from EC vapours [35] [36] [37] [38] . In fact, more research is required to examine whether EC is as safe as other conventional smoking cessation therapies.
Limitations of the study
The limitations of the current research were mostly related to the sample size and demographics of the study population. Most of the participants were middle-aged Malay males, with fewer Chinese and Indians from the Kuantan and Pekan districts of Malaysia. All the participants were otherwise healthy smokers. Thus, the findings may not be generalisable to other populations of EC users, including female smokers with health issues and those of different races. Moreover, in this study, the subjects were recruited based on their motivation to quit smoking, which also limits the generalisation of our results. However, the current observational study is of significant relevance depicting the real understanding, benefits, and undesirable effects among sole ECs and dual users of Malaysian vapers.
The study also reflected that the study participants were persistent smokers who were unwilling to quit smoking by the currently approved FDA therapy. Therefore, for such subjects, pharmacotherapy may not be the treatment of first choice. In the current study, during follow-up visits, we collected the data from more than 85% of subjects and missed nearly 15% of those at week 24. Therefore, it may be possible that the missing items were due to quitting both ECs and CCs, which would alter the reported results. However, this finding can be anticipated in any long-term study. The severity of the adverse events, withdrawal symptoms and smoking-related diseases reported during all the visits were based on the subjects own experience and were not being independently evaluated by an investigator. No physical examinations were conducted to judge the severity of these effects and diseases.
Conclusion
The current study revealed a good CC cessation rate among sole EC and dual users but reported low abstinence for combined ECs and CCs use. There was no significant difference in CCs consumption for dual users at baseline and after the six-month follow-up period. This indicated that using ECs along with CCs does not aid CCs reduction. The major adverse effects and withdrawal symptoms observed among dual users were coughing, breathing problems and craving for smoking. Overall, sole EC users perceived fewer adverse effects and withdrawal symptoms than did dual users. Therefore, ECs may be used as an additional supportive smoking cessation aid in Malaysia, but appropriate procedures are necessary to encourage sole EC use and product quality. Large RCTs with a longer follow-up are required to better understand the effectiveness and safety of these novel products in combination with CCs among diverse populations. 
